It is well documented that five isozymic forms of lactate dehydrogenase (LDH; I.I.I. 27) are found in various tissues or organs of mammals (Markert and Miller, 1959; Kaplan et al., 1960; Vesell, 1961; Blanco and Zinkham, 1963; Shaw and Barto, 1963; Vesell and Philip, 1963; Hawkins and Whyley, 1966) . Although the isozymic patterns of LDH are tissue or organ specific, the patterns are generally altered under various physiological conditions (Flexner, et al., 1960; Allen, 1961; Kaplan and Ciotti, 1961; Fine, et al., 1963; Fritz, 1967; Goldberg and Hawtery, 1967) . These physiological changes may reflect metabolic transformation of the tissue or organ.
During ovarian maturation, metabolic changes parallel the histological changes. Hence, it is likely that isozymic patterns of LDH vary during maturation of the ovary as the histochemical distribution of LDH activity changes. However, this problem has not received much attention. This study aims to describe the alteration of LDH isozymic patterns during the artificial maturation of rat ovary induced by the admnistration of gonadotrophins as well as the histochemical changes of this enzyme activity.
MATERIALS AND METHODS
Immature female rats of Wistar strain (23-24 day old) were divided into 4 groups; group 1 consisting of the rats to be sacrificed at 24hrs. after subcutaneous injection of pregnant mare serum (PMS), group 2 consisitng of the rats to be treated with PMS and receiving an additional injection of PMS 24hrs. later and killed 48 hrs. after the second injection of PMS, group 3 consisted of the rats receiving the same treatment as in group 2, and administered human chorionic gonadotrophin (HCG) 48hrs. later and sacri-4 consisted of the rats given the same treatment as in group 3 receiveing an additional injection Received for publication February 22, 1968 .
The following abbreviations have been used: Tris-HC1, tris (hydroxymethyl) aminomethaneHCl; Nitro-BT, 2,2'-di-(p-nitrophenyl)-5,5 '-diphenyl-3,3'-(3,3'-diethoxy-4,4'-biphenylene) ditetrazolium chloride.
IM Immature ovary G1 Ovary of group 1 G2 Ovary of group 2 G3 Ovary of group 3 G4 Ovary of group 4 Thin layers of 5% polyacrylamide gel were used for the electrophoretic study by the method of Ogita (Ogita, 1965 
RESULTS

LDH isozymic patterns
In electrophoretic study, the activity of LDH isozymes is presented as relative values. All five forms of LDH isozymes were observed in ovaries of each group, though the patterns varied among these groups.
The activity of LDH isozyme-4 was higher in immature rats while isozyme-1 activity was low (Figs. 1-6 ). During the artificial maturation of the ovary, the activity of isozyme-5 increased continuously (Figs. 5-10) . After only 24hrs. of treatment of PMS, a remarkably high level of isozyme-5 was evident in ovaries of group 1 which were characterized by growing follicles but no luteal body (Fig. 13) . In striking contrast, the activity of isozyme-1, -2 and -3 was drastically decreased in group 1 (Figs. 1, 2 , 3, 6 and 7). The isozyme-1 activity continued to decrease with maturation. On the other hand, no significant difference was observed in the activity of isozyme-4 during maturation induced by these gonadotrophins (Fig. 4) . In some cases, there was a slight tendency for recovery of activity with isozyme-1, -2 and -3 in groups 3 and 4. Histologically speaking, luteal bodies were obvious in ovaries of groups 3 or 4 (Fig. 14) . It is noteworthy that in the ovaries of group 4, isozyme-5 activity was the most intense, whereas the activity of isozyme-1 was in the least (Fig. 10) . Moreover, we noted that whenever the activity of isozyme-1, -2 and -3 tended to recover in group 4, isozyme-5 activity decreased.
In the controls, these isozymic patterns did not differ from the pattern in immature rats. However, it was often observed in the controls for groups 3 and 4 that isozyme-5 activity slightly increased.
Histoehemical observation Wet weight of ovarian tissues increased with maturation and reached a maximum in group 3 (Fig. 11) . In immature ovaries, activity of LDH observed histochemically Fig. 12.
Histochemical activity of LDH in immature ovary. The activity is low in level.
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Ovary of group 1. Interstitial cells show the highest activity of LDH.
•~40
Fig.
14.
Ovary of group 3. The most intense activity appears in the luteal bodies.
•~40 Fig. 15 . Ovary of group 2. LDH activity is often strongest in the granulosa cells near the egg.
•~40 was generally lowest (Fig. 12) . However, the cytoplasm of interstitial cells showed slightly higher activity of LDH than did the granulosa cells.
In the rats of group 1 whose ovaries were mainly characterized by many growing follicles but no luteal body, the activity of LDH was increased in granulosa, thecal and interstitial cells when compared with the immature rats. The most intense activity appeared in the interstitial cells (Fig. 13) .
In groups 2 and 3, the ovaries were marked histologically by a few luteal bodies and many follicles in various stages of growth. The most intense activity was demonstrated in the cytoplasm of luteal cells while only low activity was apparent in the granulosa (Fig.  14) . It was often observed that the granulosa near the egg showed strong LDH activity (Fig. 15) . No significant difference in the level of activity was observed between the thecal and interstitial cells.
In the ovaries of group 4, the distribution of LDH activity was similar to that of groups 2 and 3, although luteal bodies increased in number.
DISCUSSION
It is well known that the activity of LDH isozyme-1 is high in those organs with high aerobic metabolism such as cardiac muscle, while isozyme-5 activity is dominant in skeletal muscle which is characterized by anaerobic metabolism and requires immediate energy (Cahn, et al., 1962; Dawson et al., 1964) . In this experiment, the activity of isozyme-5 increased drastically in the ovaries of group 1 which were stimulated to growth by PMS. On the other hand, isozyme-1 activity decreased. These data suggest that the metabolism of ovary is altered from aerobic to anaerobic type by the administration of PMS. It is possible that in ovarian growth compelled by PMS, energy for growth is occasionally generated in glycolysis. A similar phenomenon was reported by Goodfriend and Kaplan (1964) who showed that estradiol could induce isozyme-5 in uteri of immature rats. Furthermore, Allen reported: in uteri of ovariectomized mice, isozyme-5 activity was increased by estradiol benzoate while isozyme-1,-2 and-3 decreased. In addition, no significant change was observed in isozyme-4 activity (Allen, 1961 ). This fiding is in quite agreement with that obtained in our experiment, although the tissues used were different each other.
It is of interest to note that bovine follicles without fluid showed slight activity of isozyme-5. This suggests that the activity of this isozyme may be minimal in the thecal cells. In addition to this, follicular fluid exhibited less activity of isozyme-5 (Matsuzawa and Takikawa, unpublished data) . The histochemical study in this experiment has demonstrated that the increase of LDH activity in ovaries of group I treated with PMS occurred particularly in the interstitial cells. Moreover in ovaries of group 1, the activity of isozyme-5 also increased.
In the light of these data indicating that the increased activity of LDH isozyme-5 parallels the histochemical activity of LDH in the interstitial cells while the activity of isozyme-5 is imperceptible in both the thecal cells and the follicular fluid, it is possible to consider that the increase of isozyme-5 activity in ovaries of group 1 treated with PMS is confined to the interstitial cells. Moreover, isozyme-5 may be induced by the administration of PMS.
